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INTRODUCTION 
The reaction of aldehydes and ketones with ammonia derivatives is 








Where G = - OH, -NH2, - NHCH3, - NHC0NH2, - NH-S02 
~©~ 
GHc 
The research reported here deals with the synthesis and reaction 
of a hydrazone formed from the reaction of an - substituted aldehyde 
with _p-toluenesulfonylhydrazide. Before examining this specific system 
a brief review of other o(. - substituted hydrazone reactions will be 
given. 
Kirby and Ramirez^ reported the action of the carbonyl reagent, 
2, 4-dinitrophenyl hydrazine, on «<_ - haloketones. This reaction appears 
to involve the formation of an - halo - 2, 4-dinitrophenyl hydrazone 1 




Gillis and Hagarty studied the reaction of °4-chloro- 
aldehydes and - chloroketones and methylhydrazine in the formation 




Their proposed mechanism was in agreement with that of Kirby and Ramirez.^ 
In the synthesis of diazoenes from chloro derivatives of carbonyl 
compounds, Tsuiji and. Kosower-^ utilized 1:4 - dehydrohalogenation to form 
the oC~ unsaturated azo compound. The reaction of <X. - chloroacetaldehyde 
r . . . ; -c - , • .*• • . • . ” 
with hydrazine is illustrated below: 







CICH2CH=NNH2   > CH2=CH-N=NH 
The present investigation involves the reaction of an oL - substi¬ 
tuted tosylhydrazone 3 under various conditions. Equation 1 shows the 
formation of _3 from the reaction of an o^- substituted aldehyde with 2 - 
toluenesulfonylhydrazide (tosylhydrazide). 
3 
R- + H2N-NH-TS * ft NH - NH - Ts 
I (1) 




The preparation and reaction of some tosylhydrazones will be discussed 
briefly. 
One of the well known reactions of tosylhydrazones is the 
Bamford-Stevens^ reaction. The initial steps of the reaction in either 
protic or aprotic solvents are shown in the following scheme: 




* N - N - Ts 
+ 
*R-C = N = N + Ts 
I 
4 
In aprotic solvents the diazo compound 4 could -undergo carbenic decomposi- 
« 
tions to give olefins.-by hydrogen migration. Also, intra- or intermolec- 
ular insertions of the carbene intermediate are also possible. Alternative¬ 
ly, in orotic solvents the diazo compound could undergo proton transfer from 
donor solvent and cationic decomposition of the Wagner-Meerwein type 
involving rearrangement.^ The following equations show these two pathways. 
4 
1/ 
R  ^ RCH$ + N2 
£ 
Friedman and Schechter have studied the products of carbene formation 
during the basic decomposition of hydrazones in cyclic systems. They 
found, that 100$ olefin formation occurs in the decomposition of diazo¬ 
cyclohexane via the carbene mechanism. 
The first report of an oC- halotosylhydrazone was that of Rosini, 
7 
Rossi and Caglioti in which they studied the reaction of tosylhydrazide 











The reaction of the ^ - halotosylhydrazone 6 with base afforded the 
unsaturated, azoene 7* When the reaction was carried out in a protic 
solvent the tosylazoalkane 8 was isolated. 
8 
5 
The authors proposed that 8 was formed from the Is4 - addition of sulfinic 
g 
acid to the azoene ]. Later, Caglioti and co-workers applied the reaction 
with tosylhydrazide to oL -bromo and cK - acetoxyclohexanone. In both cases 
1 - tosylazocyclohexene (?) was obtained. 
In the basic decomposition of tosylhydrazones of benzoin acetate 
and benzoin benzoate, Iwadare and co-workers^ reported diphenylacetylene as 
the major product. The formation of diphenylacetylene via the tosylhydra- 
zone of benzoin acetate is illustrated below: 
0 
OAc OAc N2 H 
Ph - C - CH - Ph- — > Ph - C - CH - Ph Ph - C = C - Ph I A !. 
1-, s- 
Is Ph - C=C - Ph 
The authors further reported that triple bond formation took place, in both 
compounds, under protic and aprotic conditions. 
Similar results were obtained when Rosini and Ranza"^ carried out 
the reaction of oL- acetoxydeoxybenzoin - 2 ~ toluenesulfonylhydrazone 
and o(. -acetoxy -1,3- diphenylpropane - 2 - one - £ - toluenesulfonyl- 
hydrazone with base and in aprotic solvent. The reaction gelded the 
corresponding p - toluenesulfonylazostilbene (9) and 2 - JD - toluenesulfonyl- 















^ > PhCH=C - Ph 
OAc O H 




. PhÇ - C - CH2 - Ph- 
-> I II 
N-NH-Ts 
-OAc\ 




The mechanism for the formation of these compounds was consistent 
with the 1:4 - type elimination mentioned earlier The thermal decompo¬ 
sition of 9 and 10 were carried out in benzene at 90° and chloroform at 25*. 









Although extensive mechanistic studies were not carried out, it 
was suggested that a carbene or a carbonium ion were possible intermediates. 
The following scheme depicts the probable course of the decomposition of 
2 - p - toluenesulfonylazo - 1, 3 - diphenylpropene (10) : 
~N2> PhC=CCÏÏ2Ph + 
Ts 
PhCCH - CHPh 
During the thermal decomposition of 10, the formation of 1 - p - 
toluene sulfonyl - 1, 3 - diphenylpropane - 2 - one p - toluene sulfonyl- 
hydrazone was observed. It is possible to ascribe this to an attack of 
p - toluenesulfinic acid on undecomposed. p - toluenesulfonylazoalkene to 
produce a 1:4 addition product. 
In a very recent paper Caglioti^ reported the products formed 
from the acid decomposition of tosylazocyclohex - 1 - ene (11). The 
first step of this decomposition process is illustrated in the following 
scheme : 
8 
Among other products, 1 tosylcyclohex-2-ene (12) and tosylbicyclo 
f" 3» 1* 01 hexane (13) were Isolated. It was proposed that these vere 
formed via a oarbenoid intermediate as shown below: 
9 
The transannular insertion necessary for the formation of 13 is particularly 
interesting in light of the report of Friedman and Schechter^ that 100$ olefin 
formation occurs in the decomposition of diazocyclohexane via the carbene 
mechanism. This raises an interesting question as to the effect of substit¬ 
uents on the relative amount of elimination and insertion products in carbene 
reactions in cyclic systems. As can be seen from previous discussion, 
tosylazoenes appear to decompose via carbonium ion or a carbene mechanism. 
12 
For example, recently Rosini reported the formation of diphenylacetylene 
in 85-90$ yield through the decomposition of 2,2 - diphenyl - 1 - tosylazo- 
ethylene in bezene at 90 and chloroform at 25 . The equation for this 
decomposition is as follows: 
Ph- _^N=N-TS 
^>C=CC^  > Ph - C=C - Ph + N2 + TsH 
Ph^ 
Although the detailed mechanism was not presented, it was proposed that 
the azoalkene gives rise to the diazonium ion pair 14 which may rearrange 
to diphenylacetylene, either, in a concerted manner or through the forma¬ 









14 15 16 
10 
The authors further reported that all attempts to trap intermediates 15 
or 16 were unsuccessful. 
Since in all of the work on the decomposition of tosylazoene, 
the investigations have pot been able to distinguish between the carbene 
and carbonium ion pathways, studies on the 9 - chloro - 9 formylfluorene 
(17) system were undertaken in the present investigation. 
This system seems admirably suited for the mechanistic study 
required. The bond connecting the two phenyl rings makes rearrangement 
of an intermediate, once formed, highly improbable. This would enable one 
to identify the intermediate involved in the decomposition by the reactions 
it can undergo. 
RESULTS AND DISCUSSION 
The starting material, 9-formylfluorene, was synthesized from fluorene 
and ethyl formate using the method of Brown and Bluestein^ along with the 
14 
suggestions of G. Han . Potassium - tert-butoxide, sodium methoxide, and 
potassium ethoxide were all used as condensing agents. The best yield was 
obtained using freshly prepared potassium ethoxide. The condensation of 
fluorene with ethyl formate is shown below: 
The aldehyde 18 is a yellow viscous oil that solidifies upon standing. 
After standing at room temperature for a short time the infra-red spectrum 
showed two intense bands in the C=0 region and a broad band at 2500-3000 cm-*- 
indicative of an acid - OH stretch. It appears that the aldehyde is very 
sensitive to atmospheric conditions and undergoes oxidation even when stored 
under nitrogen. Because of the instability of the aldehyde, the compound must 
11 
12 
be prepared in small batches and used immediately after preparation. 
Reaction of the 9-formylfluorene (18) with surfuryl chloride gave the 
chlorinated aldehyde 1? in essentially 100$ yield. 
Treatment of 17 with tosylhydrazide afforded the azoene 19 in good yield. 




The formation of most azoenes requires the treatment of the chlorotosyl- 
hydrazone with base to effect the elimination of hydrogen halide. ’ 
However, in this case, and in the diphenylacetaldehyde system the chlori¬ 
nated hydrazone was not isolated. Elimination of HC1 occurs immediately 
following the formation of the hydrazone and the azoene is isolated direct¬ 
ly. In both of these systems a highly conjugated compound is formed and 
it is believed this is the driving force for the reaction. 
The azoene obtained is a red compound which decomposes on melting. 
The structure proposed is consistent with the analytical and spectroscopic 
data (Experimental Section). Table I lists the m/e values obtained from 








The thermal decomposition of 19 in dry benzene at 90 resulted in the 
disappearance of the initial red color of the solution in approximately 60 
minutes. The resulting yellow color was maintained throughout the remainder 
of the reaction period. After the completion of the reaction, the solvent was 
removed under reduced pressure. The oil obtained was recrystallized from 
methylene chloride and. pentane and a white compound was collected. The 
analytical and spectroscopic data suggest that the compound is the diazo 
compound 20. The formation of 20 appears to have arisen from the attack 
of sulfinic acid on undecomposed azoene 19. 
n "i i T c 
This suggestion is in agreement with the report of previous workers. ^ 
Other products obtained from this decomposition are yet to be identified. 
A possible course of the decomposition leading to the formation of 
sulfinic acid is illustrated in the following scheme: 
15 
Since a carbene intermediate hay been postulated as a possible pathway in 
the basic decomposition of azoenes, ' ’ -'the decomposition of 19 was carried 
out in base in the presence of cyclohexene in an attempt to trap this inter¬ 
mediate. The proposed mechanism for basic decomposition via a carbene mechanism 
is illustrated below: 
21 
The action of the base on the azoene to form the carbanion is a reasonable 
suggestion considering the order of stability of carbanions (sp>-sp^>sp^). It 
is perhaps noteworthy to mention the fact that 21 is the hydrazone salt of a 
ketene. These compounds cannot be formed by direct reaction of a ketene with 
tosylhydrazide. One might expect the hydrazone form to predominate over the 
azo form since Yao and Resnick^" reported the conversion of azo compounds to 
16 
the more stable hydrazone in the hydrolytic cleavage of azo compounds. 
The addition of the azoene 19 to base resulted in a green color of the 
reaction mixture. After an hour of reaction time, the reaction mixture acquired 
a purple color that was constant throughout the remainder of the reaction 
period (8 hours). Water was added to a small portion of the reaction mixture 
to see if the mixture would regain its original red color. It was assumed that 
if only the salt of the azoene were formed, addition of water would yield the 
starting material but such was not the case. 
The addition of water had no apparent affect. However, when the reaction 
mixture was washed with dilute sulfuric acid the mixture acquired a yellow color. 
There was no indication of the formation of the carbene addition product 
22. The yellow compound isolated was identified by conventional methods as 
9-fluorenone(23) (Experimental Section). 
When 9 - (tosylazomethylene) fluorene 0.9) was treated with a second 
base, n-butyllithium, in cyclohexene the initial red color of the solution 
1? 
changed to a deep purple color which remained throughout the remainder of the 
reaction period. When the reaction mixture was washed repeatedly with water, 
the solution acquired a yellow color. With the removal of the solvent, 
9-fluorenone was again isolated in substantial yield. Product identification 
was based on spectroscopic data, analytical values and physical properties of 
an authentic sample. 
Although a detailed mechanism for the formation of 9 - flourenone 
cannot be given at this time, a very tentative mechanism is proposed in the 
following scheme: 
The oxidation of a aldehyde to a ketone has been known to occur quite frequently 
in benzyhydryl systems similar to the one above. For example, Curtin and co- 
17 
workers ' have reported, among other products, the formation of benzophenone 
in their preparation of chlorodiphenylacetaldehyde. The involvement of an 
oxygen-sulfur bond in oxidation processes has been suggested by McKinney and 
18 
18 
co-workers. They found that the oxygen-sulfur bond of DMSO facilitated the 
conversion of the enol form of an aldehyde to the corresponding ketone. The 
proposed mechanism for this reaction is illustrated below: 
Further work needs to be done but preliminary evidence indicates that the 
ketone is formed during the reaction and not during the work-up procedure. 
The photolysis of diazo-compounds with ultraviolet light in the pres¬ 
ence of olefins and alkanes has been known to result in carbenic decomposition 
leading to the corresponding addition and insertion products.^ For example, 
20 
Kirmse and co-workers irradiated diazo-fluorene in cyclohexane and isolated 
9-cyclohexylfluorene (24) in fair yield. The reaction scheme below illustrates 
the photolysis of diazo-fluorene in the presence of cyclohexane. 
25 
19 
It was proposed that the dimer 25 was formed by radical coupling following 
proton abstraction from the solvent by a carbene intermediate as follows: 
hydrazone upon irradiation with ultraviolet light at room temperature yielded 
products similar to those obtained in the thermal reactions reported earlier. 
In the photolysis of spiro 2.3 hexanone-4-tosylhydrazone (26), 
22 
Wilberg and co-workers found the azine 27 was formed. 
26 27 
Although extensive studies have been made on the photolysis of diazo compounds 
C^C = N - Ns^) with ultraviolet light, a search of the literature suggests that 
the action of azo compounds (^>C - N = N - ) under the influence of ultra¬ 
violet light has not been explored in depth. 
9 - (Tosylazomethylene) fluorene was irradiated with ultraviolet light 
for eight hours in a cyclohexane solution. It was assumed that if ultraviolet 
radiation affected decomposition in a manner analogous to that ascribed to 
diazo compounds (carbenic pathway), the cyclohexyl-insertion product 28 would 
20 
be isolated as illustrated below: 
At the end of the reaction period, the reaction mixture was filtered because 
of the presence of insoluble material. The solvent was removed using rotary- 
evaporation, a small amount of a yellow solid was collected and recrystal¬ 
lized from methylene chloride and pentane. Identification of the material 
was attempted using mass spectrometry, nuclear magnetic resonance spectro¬ 
photometry. Nuclear magnetic resonance signals were observed at 7.? ppm 
(aromatic protons) and at 1.15 ppm, a multiplet. However, the largest m/e 
peak observed was 256 compared to the expected 260 for the cyclohexyl- 
insertion product. The insoluble material collected was found to be 
recovered starting material in greater than 95$ yield based on the amount 
of starting material used. Analytical values and spectral data of this 
material were identical to that of the original starting material. 
Since photolysis of the azoene was attempted for a period of 
eight hours and yielded essentially recovered starting material, one can 
conclude that the azoene is stable under ultraviolet photolysis. 
EXPERIMENTAL 
Melting points were recorded on a Thoms Hoover capillary- 
melting point apparatus and are uncorrected. Nuclear magnetic 
resonance spectra (nmr) were recorded with a Varian A-60A spectro¬ 
meter. Chemical shifts ( ^ ) are reported in ppm downfield from 
internal tetramethysilane. Ir spectra were recorded -with a 
Beckman Model IR-5A or Bausch and Lomb Model 25O-IR Spectrometer 
and calibrated against the 6.2^1 band of a polystyrene film. The 
most prominent bands in the spectra are listed with the abbrevia¬ 
tions, s = strong, m = medium, w = weak. Mass spectral data was 
obtained using a Dupont 21-490 Model Spectrometer. Elemental 
microanalysis were done by the Atlanta Microlab, Inc., Atlanta, 
Georgia. 
22 
9-Forraylfluorene. — The synthesis of 9-formylfluorene was accomplished. 
14 
using the method of Brown and. Bluestin along with the suggestion of 
G. Han.1^ 
In a nitrogen atmosphere, 9.6 ml of dry absolute ethanol was added, 
from a dropping funnel to 4,6 g. (0.118 m) of finely cut potassium metal in 
70 ml of dry ether. The mixture was then refluxed for six hours with 
constant stirring. 
To the freshly prepared potassium exthoxide was added with stirring 
20 g. (0.1204 m) of fluorene and 10 g. (0.135 m) of ethylformate dissolved in 
anhydrous ether. The addition period was approximately 45 minutes after 
the addition of the fluorene-ethylformate solution? the reaction mixture 
was refluxed for six hours. The reaction mixture was allowed to cool and 
it was then poured into 150 ml. of iced-cold water. The layers were 
separated and the ether layer was washed with 3-20 ml. portions of water. 
The aqueous layer was accidified with 10$ sulfuric acid and extracted with 
ether. 
The ether layers were combined and dried over magnesium sulfate. 
The brown oil collected after evaporation of solvent was distilled under 
reduced pressure. The distillation yielded 14.51 g. (62$) of the aldehyde, 
bp 142-144*/ 4.5 mm; (s) nmr (CDCI3) 7*3 ppm. (8H, aromatic protons), 8.9 
ppm. (1 H, doublet) 4.45 ppm. (1H, doublet). 
9 - Chloro-formylfluorene. — 9 - Formylfluorene, 14.6 g. (0.075 m) was 
dissolved in dry THF.and 14.74 g. (0.0646 m) of sulfuryl chloride was added 
slowly with stirring. The addition period was approximately 45 minutes. 
23 
After the addition period, the reaction mixture was refluxed for five hours. 
The mixture was allowed to cool, and then washed with 2-20 ml portions of 
water, 2-20 ml portions saturated sodium bicarbonate and 2-20 ml portions 
of saturated sodium chloride solutions. 
The layers were separated and the organic layer was dried over 
sodium sulfate. The removal of the solvent yielded the chlorinated alde¬ 
hyde in 98$ yield. The chlorinated product was used without further puri¬ 
fication. 
NMR (CDCI3) 7.45 ppm (8H, aromatic protons) 9-05 ppm. (1 H, singlet). 
9- (Tosylazomethylene) fluorene. — In a nitrogen atmosphere, JD - toluene- 
sulfonylhydrazide, 14.4 g. (0.079 m) was dissolved in methylene chloride 
and placed in a 3~neck flask equipped with condenser and dropping funnel. To 
this mixture was added with stirring, 14.1 g. (0.0726 m) of 9 - chloroformyl- 
fluorene dissolved in methylene chloride at 0*C. Addition time was approxi¬ 
mately forty minutes. After the addition period, the reaction mixture was 
allowed to stir at 0°G for five hours. The reaction mixture was then fil¬ 
tered and the solvent was removed under reduced pressure. 
The red solid collected after evaporation of solvent was recrystal¬ 
lized from methylene chloride and petroleum ether. The crystalline product 
was collected using suction filtration. The yield of the hydrazone was 12.184 g. 
(54.71$), mp 132 (dec). 
ir (CHC13) 2900, 1585, 1330, 11^0, 1655, 1555, 915, and 3322
cm \ 
Anal. Calcd. for C21H16SO2 C, 70.00; H, 4.44; N, 7-78. 
Found: C, 69.77; H, 3-78; N, 7-*84 
24 
The thermal decomposition of 9-(Tosylazomethylene) fluorene. — 
In a nitrogen atmosphere, 9- (tosylazomethylene) fluorene, 0.5122 g. 
(0.00139 m) was added to 50 ml. of dry benzene in a 100 ml. flask equipped 
with a reflux, condenser, stirring bar, and drying tube. The reaction 
mixture was allowed to stir at room temperature for half an hour. The 
O 
temperature was increased to 90 over a period of one hour. The initial red 
color of the reaction mixture changed to a pale yellow after one hour of 
O 
reaction time at 90 . After three arid a half hours of reaction time, the 
mixture had acquired a deep yellow color that was maintained throughout the 
remaining reaction period. The allowed reaction time was five hours. 
At the end of the reaction period, the solvent was removed under 
reduced pressure. The brown oil obtained was recrystallized from methylene 
chloride and pentane. The white compound collected was identified by con¬ 
ventional methods to be the azo compound 20 in 21$ yield (21$ pure) mp 
(142.5 - 143), Highest m/e 332 (P - 184). 
Anal. Calcd. for C28H24N2S2°4 : C, 64.92; H, 4.65. 
Found: C, 64.29; H, 4.88. 
The basic decomposition of 9- (tosylazomethylene) fluorene with potassium 
tert-butoxide in the presence of cyclohexene. — In a nitrogen atmosphere, 
0*5033 g. (0.001397 m) of 9- (tosylazomethylene) fluorene dissolved in THF 
was added to 0.311 g. (0.0027 m) of potassium tert-butoxide from a dropping 
funnel with constant stirring. The reaction mixture turned green immediately 
upon the addition of the azoene solution. After some time (3 hours) the 
reaction mixture was purple in color. The purple color remained throughout 
25 
the remaining reaction period. At the end of the reaction period, the 
reaction mixture was washed with 3-20 ml portions of water, 2-20 ml por¬ 
tions of 10$ sulfuric acid, and again with 2-20 ml portion of water. The 
organic layer was dried, over sodium sulfate. The solvent was removed 
using rotary evaporation. The oil obtained was chromatographed using 
neutral alumia. When the column was eluted with benzene, a yellow solid 
was collected and recrystallized from benzene and petroleum ether. The 
O 
yellow solid (0.155 g*), Mp (83.5-84 ) was identified by conventional 
methods as 9- fluorenone. 
m/e 180; ir (CHCI3) ca 1700 (s), l600 (s), 1450 (m), 1295 (s), 935cm_1(s) 
Anal. Calcd. for C^JKQC : C, 86. 66; H, 4.44. 
Found: C, 86.00; H, 4.58. 
The basic decomposition of 9- (Tosylazomethylene) Fluorene with n- 
butyllithium in the presence of cyclohexene. — 
In a nitrogen atmosphere, 1.78 g. (0.02779 m) of n-butyl- 
lithium was added from a syringe to 0.5100 g. (0.00142 m) 9- (tosyl¬ 
azomethylene) fluorene with constant stirring. Addition of the base to 
the azoene solution resulted in a change in the initial red color of the 
reaction mixture to a deep purple color that was constant throughout the 
remaining period of the reaction. At the end of the reaction period 
(5 hours), the reaction mixture was washed three times with 3-20 ml por¬ 
tions of water. At this point, the mixture acquired a yellow color. 
The organic layer was dried, over sodium sulfate. Removal of the solvent 
26 
yielded an oil that was recrystallized from pentane using a dry ice-acetone 
bath. The yellow solid collected was recrystallized using a minimum amount 
of benzene with pentane added until cloudy. The yellow crystals collected 
were identified by conventional methods as 9- fluorenone. 
m/e 180; ir (CHCI3) 1700 (s), l600 (s), 1450, 1295 (s), 935cm"1 (s). 
Anal. Calcd. for C^HgO: C, 86.66; H, 4.44 
Found: C, 85.08; H, 5-21 
CONCLUSION 
Our aim in the study of the 9 - formylfluorene system was to identify 
the intermediate involved in the decomposition process. However, the results 
obtained, as in the case of the basic decomposition, suggest that no free 
intermediate was involved and that the reaction proceeded through an intra¬ 
molecular rearrangement involving the oxygen-sulfur bond of the azo compound. 
As stated in the body of the paper, this suggestion is only tentative and 
further study is necessary before a more conclusive explanation can be made. 
The question regarding the involvement of a carbonium ion or carbene 
in the decomposition process has not been completely resolved by this investi¬ 
gation. However, all attempts to trap these intermediates were unsuccessful. 
Expected by-products from the carbonium ion were not detected in the reaction. 
Introduction of cyclohexene did not afford any carbenoid adducts. 
The author recommends that further studies on the 9 - forirylfluorene 
system be undertaken to obtain more conclusive evidence involving the decompo¬ 
sition process. For example, nitrogen yield and chemical kinetics should 
provide considerable information. Since there is evidence of rearrangement 
during decomposition, it is suggested here that an attempt be made to follow 
this rearrangement kinetically using ultraviolet and infrared spectrophotometry. 
This method should be similar to that of Rosini and Ranza^ in which they fol¬ 
lowed, kinetically, the decomposition of the _p - toluenesulfonylazostilbene 
and 2 - JD - toluenesulfonylazo - 1, 3 - diphenylpropene systems. 
27 
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